Direct magnitude estimation (DME) has been used frequently as a perceptual scaling technique in studies of the speech intelligibility of persons with speech disorders. The technique is typically used with a standard, or reference stimulus, chosen as a good exemplar of "midrange" intelligibility. In several published studies, the standard has been chosen subjectively, usually on the basis of the expertise of the investigators. The current experiment demonstrates that a fixed set of sentence-level utterances, obtained from 4 individuals with dysarthria (2 with Parkinson disease, 2 with traumatic brain injury) as well as 3 neurologically normal speakers, is scaled differently depending on the identity of the standard. Four different standards were used in the main experiment, three of which were judged qualitatively in two independent evaluations to be good exemplars of midrange intelligibility. Acoustic analyses did not reveal obvious differences between these four standards but suggested that the standard with the worstscaled intelligibility had much poorer voice source characteristics compared to the other three standards. Results are discussed in terms of possible standardization of midrange intelligibility exemplars for DME experiments.
D
irect magnitude estimation (DME) is a method of perceptual ratio scaling in which an observer makes a numerical estimate of the sensory magnitudes associated with a set of stimuli (Gescheider, 1976) . DME was originally designed for stimuli with welldefined and often unidimensional physical characteristics (e.g., brightness, loudness), but it has been applied frequently to complex stimuli such as speech signals, which typically vary simultaneously along many different physical variables. DME has been used frequently, for example, in the scaling of speech intelligibility (Schiavetti, 1992) . Scaling methods may have an advantage over percentage estimates of speech intelligibility because the latter are typically derived from orthographic or transcription representations of utterances and may not be sensitive to nonsegmental contributions to intelligibility deficits (such as voice quality or prosody). Scaling estimates of speech intelligibility may therefore be popular because they are presumed to be a more complete representation of the deficit than the typical word-or sentence-based percentage estimates.
Presumably, each of the multiple variables in the speech signal may have a partially or wholly independent contribution to speech intelligibility. For example, speech intelligibility is likely affected by such factors as speaking rate, source intensity, fundamental frequency (F0) and its several communicative functions, and resonance and quality characteristics (e.g., nasality, breathiness). Schiavetti, Metz, and Sitler (1981) suggest that DME is an appropriate scaling measure of speech intelligibility because intelligibility varies along a prothetic continuum. According to Stevens (1975) , a prothetic continuum is one in which changes in stimulus magnitude are believed to be additive. As an explanation of this, he states:
Additional excitation may be added to an excitation already present, or new excitation may be substituted for excitation that has been removed. (p. 13) Loudness is an example of a prothetic continuum because it can best be described in degrees of magnitude or quantity. In contrast, a metathetic continuum involves position or quality (e.g., pitch) and therefore does not require a DME-type scale, but rather may be scaled ordinally (Stevens, 1975) .
Speech intelligibility scaling tasks in which DME is used can either employ a standard to which a modulus has been assigned or employ so-called free modulus scaling. A standard is a sample of speech chosen by the experimenter to represent low, middle, or high intelligibility and is assigned a modulus or number that is commonly 10 or 100 (Schiavetti, 1992) . Listeners then rate other stimuli against this standard (Poulton, 1968) . In a free modulus paradigm, there is no standard or modulus chosen by the experimenter. Listeners may assign any number to the first speech sample and then scale subsequent samples as magnitude ratios relative to preceding stimuli (Schiavetti, 1992) . DME with a standard is often the preferred method because listeners may be uncomfortable with free modulus scaling and because the handling of the data is more complicated when the scale is not fixed with a standard (Engen, 1971) .
A variety of isolated speech dimensions (e.g., nasality), in addition to the general measure of speech intelligibility, have been scaled using DME. A review of these studies (see Table 1 ) indicates that in addition to speech intelligibility, nasality, breathiness, articulatory precision, rhythmic consistency, vowel roughness, naturalness, and bizarreness have been measured using this type of ratio scaling. Several of these studies have used a standard with an assigned modulus. In many of the reviewed studies, it appears that the standard was chosen subjectively via perceptual judgments of which utterance represented the midrange of the speech characteristic being investigated. The subjective nature of these choices is underscored by the informal nature of the procedure used to select a standard. Of the few exceptions to the use of subjective criteria to determine a midrange stimulus, Schiavetti et al. (1981) used the intelligibility The choice of a standard from the presumed midrange of a speech dimension is consistent with Steven's (1975) recommendations concerning the most accurate use of the DME procedure. To avoid biasing the slope of the line relating sensory magnitude to characteristics of the physical stimulus, a standard is preferably selected from the midrange of the physical stimuli or the perceptual phenomenon under study. When a standard is chosen from the extreme ends of the range of physical signals or perceptual stimuli, variables are limited to scaling in only one direction and the slope of the psychophysical function may be affected (Poulton, 1968) . This has been observed in estimates of loudness and pitch (Beck & Shaw, 1961 , 1965 Stevens, 1956) . However, it is difficult to extrapolate this biasing function to the case of DME scaling of speech dimensions, because the multiple physical variables associated with speech signals may interact with the type of standard in complex ways. More generally, because midrange speech intelligibility (or midrange examples of nasality, or breathiness, and so forth) may have a variety of underlying causes (see Weismer & Martin, 1992) , it would be useful to know if a fixed set of speech signals would be scaled differently when different samples are used as the standard, even if most or all of those standards seemed like "midrange" exemplars of whatever speech dimension (including intelligibility) is being scaled. This knowledge could be important when comparing and integrating the results of different studies on the perception of speech disorders, especially because different speech samples are typically used in different studies as exemplars of midrange stimuli.
The current experiments explored the influence of varying standards on magnitude estimates of scaled speech intelligibility. In Experiment 1, participants scaled the speech intelligibility of neurologically normal individuals and speakers with dysarthria against a standard in four listening tasks. Speech samples produced by persons with dysarthria were chosen to evaluate the potential influence of varying standards on DME value because speech intelligibility is a prominent and frequently investigated problem in this set of neurogenic speech disorders (Darley, Aronson, & Brown, 1969a , 1969b Weismer & Martin, 1992) . In this experiment, each listening task contained a different standard with an assigned modulus of 100. All four of the standards were initially chosen as potential midrange exemplars of speech intelligibility for speakers with dysarthria; the original choices were made subjectively by the experimenters, as in many other experiments. Experiment 2 verified the results of Experiment 1 by using a paired comparison task to provide convergent evidence that the standards studied in Experiment 1 actually varied in speech intelligibility. Finally, the acoustic properties of each standard are presented and discussed in relation to the perceptual results. In summary, the major research question was, will the DME scale values of a fixed set of speech signals vary as a function of the identity of the standard?
Experiment 1

Methods
The purpose of this experiment was to determine if the scaling of a fixed set of speech samples, produced by both persons with dysarthria and with normal neurological histories, was affected by different standards, all of which were assigned a modulus of 100.
Speakers
Speech samples were collected from 4 speakers exhibiting dysarthria. Two individuals (1 woman, 1 man, ages 25 and 28, respectively) had a traumatic brain injury; 2 individuals (1 man, 1 woman, ages 72 and 71, respectively) had Parkinson's disease. Speech samples were also collected from 3 control individuals (2 women, ages 33 and 24, and 1 man, age 23), each of whom had no history of neurological impairment or any other impairment affecting the speech mechanism. In this experiment, there was no concern with matching age across speakers or with homogeneity of dysarthria type, because the set of speech samples was fixed (including samples from both persons with dysarthria and without any history of neurological disease), and the only variable was the identity of the standard and its possible influence on the perceptual scaling of the fixed set of utterances. Control speakers were included in this experiment to provide examples of clearly intelligible speech.
The speakers with dysarthria were chosen on the basis of their speech characteristics, in much the same way as speakers might be chosen as standards in DME tests, as described in the introduction. Three of the 4 speakers (Standards 1, 2, and 3; see Table 2 ) with dysarthria were judged by both experimenters as relatively far away from "endpoint" intelligibilities (that is, neither highly intelligible nor highly unintelligible) and as likely candidates for midrange intelligibility exemplars in a DME experiment. The fourth speaker (Standard 4) was judged subjectively to be somewhat more severe than a clearly midrange exemplar, but nonetheless a reasonable candidate for use as a standard. Table 2 reports some prominent perceptual dimensions and single-word intelligibility scores characterizing the dysarthria of these 4 speakers. The qualitative judgments and judgments of prominent perceptual dimensions were based on sentence-level speech samples, similar to those used in the DME experiment reported here. Single-word intelligibility data derived from 10 listeners and using a transcription format based on a 50-word list extrapolated from the Kent, Weismer, Kent, and Rosenbek (1989) test resulted in intelligibility scores for these 4 speakers of 34%, 85%, 86%, and 94% from worst to best.
Given the subjective nature of the standard choices for this experiment, it was of interest to know if independent, sophisticated judges regarded the standards as good exemplars of midrange speech intelligibility. Accordingly, 3 individuals (exclusive of the authors) with substantial expertise in dysarthria participated as listeners for this evaluation. An "expert" was defined as a certified speech-language pathologist or a researcher with more than 10 years of experience listening on a daily basis to the speech of individuals with dysarthria (see Monsen, 1983 , for a similar definition of listener expertise in a study of the speech intelligibility of persons with severe hearing impairment). Each judge was presented the four standards, via a loudspeaker, in a sound-treated booth. The judges were instructed to select the utterance that best exemplified their ideal average intelligibility, which was defined as an utterance neither completely intelligible nor completely unintelligible. The three judges selected three different standards (Standards 1, 2, and 3; see Table 2 ) as exemplifying average intelligibility; Standard 4 was never chosen. These results support the initial choice of three of the standards as reasonable exemplars of midrange intelligibility in the speech of dysarthric individuals.
Listeners
Three men and 7 women scaled the utterances for speech intelligibility. All were undergraduate or graduate students at the University of Wisconsin-Madison. The listeners all reported English as their native language and denied any hearing loss. Some of the listeners had been exposed to dysarthria as a speech disorder, but none had extensive research or clinical experience with the relevant clinical populations.
Procedure and Materials
Speech Samples
Each speaker produced 19 sentences designed to sample various aspects of vowel and consonant articulation and to have lengths of 8-9 syllables (see Appendix) . The utterances were produced in response to a live model produced by one of the authors. Each of the 19 sentences was repeated five times for a total of 95 utterances produced by each speaker; the production order of the 95 sentences per speaker was randomized. Two sentences from each of the five repetitions were randomly chosen from these utterances to be scaled for speech intelligibility against a standard. The standard was the third repetition of the sentence "Bob fell down and hurt his right leg," produced by each of the 4 speakers with dysarthria and by the control speakers. The sentence was randomly chosen to serve as the standard.
Scaling Task
There were four scaling tasks presented during a single session. Across the four rating tasks, all of the sentences remained the same, with the exception of the standard stimulus. In each task, the standard was assigned a modulus of 100. Scaling an utterance less than 100 indicated the utterance was less intelligible than the standard. Listeners were given standard instructions to the effect that their scale values should reflect perceptual ratios (e.g., a scale value of 50 is half as intelligible as the modulus, 200 twice as intelligible, and so forth). The standard was presented first in the sequence, and then after every 10 items in the list of sentences. Intelligibility was defined for the listeners as the ease with which the utterance could be understood. All sentences were presented via a loudspeaker in a sound-treated booth. Listeners had a score sheet on which they recorded their DME scale values. The presentation order of the four scaling tasks was randomized across listeners. 
Results
Reliability of Scaling Task
A matrix of concordant pairs using Kendall's tau-b (Kendall, 1970) for the 10 raters produced significant interrater correlations (p < .05), with the exception of listeners 3 and 6 (p > .05). Intrarater reliability derived from the Kendall matrix was significantly correlated across the four standards (r = .532, p < .05). Listeners 3 and 6 were retained in the group analyses reported below under the assumption that the added noise of their relatively unreliable judgments would contribute to a finding of no effect due to different standards (i.e., it would bias the results in the direction of finding no reliable difference in scale values as a function of different standards).
Effects of Varying Standards on DME
The major result of this experiment is that the scaling of intelligibility was directly affected by identity of the standard. A one-way ANOVA showed a significant main effect of standard identity on the scale values for the fixed set of utterances [F(3, 528 Figure 1 shows that DME values for Standards 1 and 4 differed by a ratio of well over 2:1; Standard 4 yielded the worst impression of speech intelligibility, whereas listeners regarded Standard 1 as most similar to the utterances in the test (that is, the scale values associated with Standard 1 were closest to 100). In each of the four tasks that employed a different standard, the average DME scale values were consistent across sentences, as shown in Figure 1 by the relatively flat functions for a given symbol. Figure 2 shows the data in a different way, with geometric DME means plotted for each speaker and averaged across utterances, with standard as the parameter. In Figure 2 , the scaling of a given speaker's utterances is seen to vary by substantial amounts, depending on the standard against which the utterances were judged. The ordering of the DMEs with varying standards is remarkably consistent across speakers, with a relatively compressed range of effects for the 3 speakers (Standards 5, 6, and 7) who were perceived to have the worst intelligibility. 
Discussion
Across sentences, utterances compared with Standard 4 were scaled as most intelligible whereas exactly the same utterances compared with Standard 1 were scaled as less intelligible by better than a twofold factor. Standard 1 was produced by a male with Parkinson disease; Standard 4 was produced by a female with traumatic brain injury. Standard 2 (produced by a female with Parkinson disease) and Standard 3 (produced by a male with traumatic brain injury) were similar to each other in their effect on direct magnitude estimates. These results imply that Standard 4 represents the lower end of speech intelligibility and Standard 1 represents the higher end of speech intelligibility, at least among these four utterances. The results clearly suggest that DME scaling of a fixed set of utterances may be very different, depending on the identity of the standard. In part, these results might have been expected because Standard 4 was originally judged to be somewhat more severe than a midrange exemplar of speech intelligibility and was never chosen as an ideal midrange exemplar by the three sophisticated listeners. The single-word intelligibility for this speaker, however, was 85%, well above the 34% associated with the speaker who produced Standard 3, judged to be a clear candidate for midrange intelligibility. As discussed in more detail below, this suggests that the absence of fixed standards across experiments is a problem, no matter how the standards are defined.
For a given standard, the DME scale values did not vary much across sentences (Figure 1) . Thus, variation of the scale values across different standards cannot be attributed to unidentified variation across speech materials or interaction of standards with the utterances being scaled. Moreover, the ordering of the scale values as a function of the standard was remarkably consistent across participants, even though the participants varied with respect to presence versus absence and (when present) type of neurological disease. These observations all point to a true effect of standard on DME scale values of an identical set of utterances. Because listeners were told to scale speech intelligibility, we assume that the effect has something to do with varying speech intelligibility of the standards and a consequent differential biasing effect on the psychophysical estimates. Experiment 2 was performed to verify the apparent intelligibility differences across the four standards; the implications of the results of Experiment 1 will be taken up in the general discussion.
Experiment 2
The DME results from Experiment 1 indicate that Standards 1 and 4 represent the ends of the speech intelligibility range for the four standards in the present study. In an attempt to verify the inference from Experiment 1 of differential intelligibility among these four standards, a paired comparison task was designed in which participants chose the most intelligible utterance between utterance pairs formed from all combinations of the standards as well as from combinations of the standards with other utterances spoken by the same speakers.
Method Speech Samples
The speakers with dysarthria from Experiment 1 were the source of the utterances used in this experiment. The standards from Experiment 1 as well as other repetitions of the same utterance (i.e., repetitions not used as standards) comprised the speech samples.
Listeners
Listeners were 9 women and 1 man. All were native English speakers and denied hearing loss. Some of the listeners had been exposed to dysarthria as a speech disorder, but none had extensive research or clinical experience with the relevant clinical populations. None of these listeners participated in Experiment 1.
Materials and Procedure
Utterances consisted of the four standards used in Experiment 1, plus one other repetition of the same utterance ("Bob fell down and broke his right leg") from each of the 4 speakers (recall that each speaker had produced five repetitions of each utterance). Each of the four standards was paired with each of the remaining standards, as well as with the additional repetition; the latter pairs were only within-speaker comparisons. The within-speaker comparison pairs of the standard and another repetition of the same utterance served as a control. Specifically, the results of Experiment 1, in which utterances produced by a given speaker did not seem to interact with the different standards, suggested that neither member of the standard-additional utterance pairs should be chosen as more intelligible more frequently than the other member of the pairs.
Utterances were presented via a loudspeaker in a sound-treated booth. There was a total of 28 paired stimuli, formed from the combinations described above (i.e., all standards paired with all other standards, as well as with one other repetition of the same utterance by the same speaker) and with counterbalanced positions of the utterances (all pairs were presented in both orders). The interval between members of a pair was 1,000 ms, and between successive pairs, the interval was 5,000 ms. Listeners chose which utterance was more intelligible (i.e., easier to understand) by circling either the number 1 or 2.
Results
In the pairs combining one standard with another utterance from the same speaker, Standard 4 was never chosen as more intelligible than its counterpart from the same speaker. Standard 1 was chosen as more intelligible than its counterparts by 40% of the listeners, Standard 2 by 70% of the listeners, and Standard 3 by 50% of the listeners.
For the comparison of paired standards, Standard 1 was chosen as more intelligible than the other standards approximately 60% of the time, Standard 2 approximately 35% of the time, and Standard 3 approximately 25% of the time; Standard 4 was never chosen as more intelligible than any other standard. Thus, the relative intelligibility of the standards in this paired comparison test was identical to the inference of intelligibility differences among the standards suggested by the results of Experiment 1 (see Figure 1 ).
Discussion
The data from Experiment 2 support the earlier finding that Standard 1 and Standard 4 represent the extreme ends of the range of speech intelligibility for the four standards studied here. Even the more subtle intelligibility difference between Standards 2 and 3, suggested by the results of Experiment 1, was preserved in the paired comparison results. The convergence of the intelligibility findings from Experiments 1 and 2 suggests that the variation in the DME values as a function of standard, observed in Experiment 1, is really a function of the varying intelligibility of the four standards. The conclusion is reinforced by the identical intelligibility ranking among the four standards in Experiments 1 and 2, even though substantially different methods were used to obtain the data.
When within-speaker comparisons were made of the standards and another repetition of the same utterance, at least one of the standards (Standard 4) was never chosen as more intelligible than its pair-mate. Within-speaker, inter-utterance variation in scaled intelligibility is a fact that does not bear directly on the influence of varying standards on DME estimates of speech intelligibility, but it may be a consideration in selecting a "midrange speaker" in comparison to a "midrange utterance."
Acoustic Analysis
Each of the standards (N = 7, one standard per speaker) was subjected to selected acoustic analyses to explore a possible basis for their differential effects on the DME scale values. For example, the large differences in DME data for Standards 1 and 4 (Figure 1 ) would seem to predict some well-defined acoustic differences between these speech samples.
Acoustic measures of "Bob fell down and hurt his right leg" were chosen to sample different aspects of speech production behavior; all of these measures have been used previously to describe speech production deficits in dysarthria (see Forrest & Weismer, 1997) and were made with Cspeech (Milenkovic, 1994) after processing the speech signals by filtering and sampling the speech signal at 9.8 kHz and 22.05 kHz, respectively. Measures of overall utterance and individual segment durations were obtained according to well-defined rules (e.g., Weismer, Jeng, Laures, Kent, & Kent, 2001 ). Measurements of total utterance durations (TUDs) for each standard were obtained by sequential measurement across an utterance of all consonant and vowel intervals, using a combined waveform and spectrographic display. These intervals were then summed across the utterance for the TUD measure. Vowel and sonorant articulation was indexed by formant frequency measures, and more dynamic aspects of articulatory behavior were estimated by obtaining the acoustic characteristics of a selected F2 transition. F1-F2 measures were collected by centering a 30-ms window at the temporal midpoint of each vowel and constructing FFT and LPC spectra for that window; vowel tongue height was indexed by subtracting the fundamental frequency (F0) from F1. Determination of formant frequencies was made by comparing the LPC peaks with the center of the formant bands via linked cursors. The lowest F2 points for /r/ in "right" and /l/ in "leg" were also obtained, these points being assumed to correspond with the maximal constriction for these sounds. F2 transition extents for the /aI/ in "right" were derived from Cspeech-generated formant tracts. All transition extents were derived after application of the 20 Hz/20 ms rule (Weismer, Kent, Hodge, & Martin, 1988) to define onsets and offsets of the major transitional segment. Voice quality was estimated for each vocalic segment of the utterance by a combination of well-known measures (% jitter, % shimmer, signal-tonoise ratio), and intonation control was measured as the F0 pattern across the utterance. Finally, integrity of velopharyngeal port (VP) functioning was estimated for a single voiced segment, the /aI/ in "right," following the technique described by Chen (1995) . Briefly, FFT spectra were used to locate the amplitude of the first formant peak relative to the amplitude typically located in the vicinity of the ninth or tenth harmonic (i.e., the "extra peak"). A nasality index was derived by subtracting the amplitude of the extra peak from the amplitude of the first formant, with smaller differences suggesting greater nasality.
The acoustic data are summarized in Table 3 -5. The most striking result of the acoustic analysis is the inference of poor voice quality for Standard 4 (Table 3) , which may account for its decreased intelligibility. Compared to the other standards, this standard had substantially greater jitter and shimmer values, especially toward the end of the utterance. The fact that this speaker had a noisy, and by inference weak, voice signal is supported by the inability to obtain some formant frequency measures from her productions (Tables 3 and 5) . Standard 1, which was scaled as more intelligible than the other standards, had a nasality index within a normal range (Table 4) . Standards 2, 3, and 4 had values falling within a hypernasal classification (Chen, 1995) . F2 transition extents did not appear to differentiate speakers with dysarthria from the control speakers. F2 transition extents, total utterance duration, and F1-F2 measures also did not clearly differentiate the standards, although Standard 1 appears in some cases to have more normal values. Overall, much of the acoustic analysis does not separate Standard 4 from Standards 2 and 3, but Standard 1 often showed acoustic characteristics that were most "normal."
General Discussion
The results of the present studies show that the perceptual scaling of a fixed set of utterances depends on the identity of the standard. Specifically, the DME scale value for a particular utterance will vary when the identity of the standard varies. The variation in intelligibility of the different standards, suggested by the results of Experiment 1, was verified in Experiment 2; therefore, there can be little doubt that the standards differed along certain perceptual dimensions and that these differences accounted for the variation in the DME scale values of the fixed set of utterances. Our findings can be considered as broadly consistent with a theoretical example described by Poulton (1989) for a fixed set of nonspeech stimuli whose scale values are affected by the position of a standard along a continuum of stimuli. Poulton (1989) did not consider the case of the kind of qualitatively selected midrange exemplars summarized in Table 1 , because he was not dealing with scaling of multidimensional signals such as speech and his standards could be located in quantitative terms along the continuum of interest.
Interestingly, Standard 3 was produced by the speaker who had the lowest single-word intelligibility score (34%) but did not have the least intelligible standard, as judged by the DME scale values for the fixed set of utterances (Standard 3 was also chosen as a possible exemplar of midrange intelligibility by one of the sophisticated judges). Rather, Standard 4, whose speaker had single-word intelligibility of 85%, produced the most inflated DME scale values for the fixed set of utterances in Experiment 1 and also ranked lowest in speech intelligibility as a result of the paired comparison data obtained in Experiment 2. This suggests that even when qualitative choices of DME standards are avoided and midrange intelligibility standards are based on percentages derived Table 3 . Acoustic measures for each standard of selected vocalic characteristics of "Bob fell down and hurt his right leg." The measures shown were taken from the vocalic nucleus of the words at the head of the columns. F1-F0 = difference between the first formant frequency and the fundamental frequency in hertz (measure of vowel height); %JIT = jitter estimate, % SHIM = shimmer estimate, both expressed as percentages; SN = signal-to-noise ratio, expressed in decibels; F0 = averaged fundamental frequency, expressed in hertz ; F0 1, 2, 3 = F0 measured at 25%, 50%, and 75% of the vocalic nucleus duration, expressed in hertz . See text for details. from formal tests, there is no guarantee of a match between the position of an utterance on a percentage scale and on a psychophysical scale. Clearly, the formal test approach allows laboratories to replicate percentages across studies for the identification of a midrange intelligibility standard for DME experiments, but equivalent percentages across different speakers in different experiments do not guarantee that the respective standards will function the same way in the different experiments. Moreover, the finding that a selected standard may not always represent all utterances produced by a given speaker (Experiment 2) suggests caution in using the terms "midrange speaker" as compared to "midrange utterance," although the general absence of a standard by utterance effect (see Figure 1 ) reduces this concern.
Standard
When the DME scale values were plotted as a function of speaker, with standard as the parameter (Figure  2) , the rank ordering of the standards determined in Experiments 1 and 2 was preserved for all speakers. Thus, there is no evidence in the current results that the different speakers and their potentially different dysarthria types were a confounding factor in the results. Indeed, the results seem to be quite stable despite variation in speaker characteristics (Figure 2 ). In this investigation, therefore, the effect of different standards seemed to be confined to moving scale values up and down the scale in the same way for all speakers and utterances. Because the current experiments involved only a small number of speakers with dysarthria and a single type of utterance (i.e., sentences of fairly consistent length), the absence of any interactions may be specific to this study. In the current discussion, though, we assess the implications of the results as if there are no substantial interactions between standards and either speakers or utterances.
The major implication of the current results is that a comparison of specific results across speech intelligibility studies is difficult, if not close to impossible, because the standards in the different studies are never the same (except, perhaps, in studies from the same laboratory). Why would comparison of DME results across studies be desirable? The most obvious reason is to accumulate knowledge of effect sizes due to certain conditions, utterances, speaker severities, and so forth, this information being one critical part of a more general model of speech intelligibility deficits in dysarthria (Weismer & Martin, 1992) . Even under the assumption of no interactions between standards and speakers or utterances, the present results indicate that the psychophysical baseline shifts across studies, thus precluding a straightforward summary of effect sizes in different DME studies.
There are two possible solutions to this problem. One obvious solution is to abandon the use of a standard and have participants employ free-modulus scaling. Whereas Stevens (1975) suggested that freemodulus scaling and scaling with a standard having an experimenter-defined modulus produce essentially the same results, the relevant experiment (comparing the two for a fixed set of utterances) has never been done for speech intelligibility. In addition, free-modulus scaling is uncomfortable for many listener participants, and the data have to be re-expressed onto a common scale because different listeners choose vastly different number ranges when they are not constrained by a modulus (see Engen, 1971) . The second solution is to work toward a standard set of standards, to be used by investigators interested in the perceptual scaling of disordered speech, by performing a systematic set of studies aimed at selecting utterances with well-defined acoustic and perceptual characteristics. These standards may vary depending on which perceptual dimension is under study; for example, the standard(s) for speech intelligibility studies may be quite different from the standard(s) for studies of prosodic deficits. The benefit of such a program of research would not only be the obvious yield of knowledge from the studies, but eventually the ability to make direct comparisons of DME effects across studies.
There is the issue of why the four standards chosen for the present investigations produced such different DME scale values; in addition, the disparity between the single-word and DME estimates of speech intelligibility needs to be addressed. Acoustic studies were performed to understand the differences but yielded no clear answers. It was expected, for example, that the acoustic measurements of Standard 4 would clearly differentiate it from the other three standards. This was not the case, although there was some evidence of relatively poor source characteristics for Standard 4, as revealed by the jitter, shimmer, and S/N ratio measures. It may be that poor source characteristics have a large impact on listeners' scaling of speech intelligibility (see Ramig, 1992) ; perhaps this is why Standard 3, whose speaker had substantially lower single-word intelligibility compared to the speaker of Standard 4, nevertheless was scaled as "better" than Standard 4 in the DME experiment. The influence of source characteristics on estimates of speech intelligibility could be investigated by parametrically varying these characteristics while controlling segmental characteristics.
Finally, the specific effects demonstrated here may have been different if an alternate definition of speech intelligibility had been given to the listeners. In this experiment intelligibility was defined as the ease with which an utterance could be understood. Perhaps utterances with poor source characteristics (such as seem to be the case for Standard 4) presented a more challenging, but not necessarily less intelligible, listening task, thus accounting for the paradoxical finding of low DME scale values but relatively high single-word intelligibility scores. Currently, the available evidence favors a view of scaled intelligibility as being highly correlated with almost any other descriptor of speech involvement (such as severity, bizarreness, ease of understanding: see Southwood & Weismer, 1993, and Weismer et al., 2001 ), but the possibility exists that the DME rankings across speakers in the current investigation were tied to our specific definition of speech intelligibility.
Conclusions
The results of the current studies suggest that scaling of speech intelligibility using DME and a modulus is dependent on the identity of the modulus, even if it is chosen as a good exemplar of midrange intelligibility.
Whereas this result may not be particularly surprising, it does show the limitation of comparing results across studies such as those summarized in Table 1 , and suggests that some solution be found for this effect. One such solution, suggested above, would be to develop "standard" midrange intelligibility utterances, with known perceptual and acoustic characteristics, which could be used broadly by interested scientists in any laboratory setting. One other solution, of course, would be to abandon the use of standards in these experiments and proceed with free-modulus scaling. Because listeners often express discomfort with free-modulus scaling, and because it may be subject to a whole range of psychophysical biases (see Poulton, 1989) , the idea of developing carefully chosen standards seems more appealing. Future work on the identification of good standards should focus on factors that may play disproportionate roles in the scaling of speech intelligibility; one candidate for such a role is voice source characteristics.
